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Abstract 
Today's highway manager and citizen are navigating the ever-increasing amount of sensor data available from a wide 
variety of in-situ and dynamic environmental sensors. However, it’s hard to share, interoperate and fuse 
those heterogeneous data from different fields, and it’s even hard to linked spaces together as a whole. The main 
reason is that not we inadequate of data or processing, but the mechanism we can aggregate and cooperate the 
resources seamless. Aiming to solve the question, we propose a SOA (Service Oriented Architecture) based services 
framework for networked highway. This framework first extends annotation of service, regarding sensor resources, 
data resources, and processing resources as services. Final, those services are linked together to establish a powerful 
highway information system. 
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1. Introduction
Today's highway manager and citizen are navigating the ever-increasing amount of sensor data
available from a wide variety of in-situ and dynamic environmental sensors. While Open data(Murray-
Rust, 2008) bloom up in the always connected society, different data sources about highway can be 
obtained extremely easily and in real time, such as traffic flow, weather and air pollution information in 
the highway(Calabrese et al., 2007). The networked highway is an ideal platform in that each citizen is a 
sensor, an intelligence terminal; the information of the highway can be easily achieved, shared and 
interoperated in real-time; the knowledge behind information can be extracted on hand. However, there 
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ole.  
are too many fields included in the networked highway. It’s hard to share, interoperate and fuse 
those heterogeneous data from different fields, and it’s even hard to linked spaces together as a wh
The main reason is that not we inadequate of data or processing, but the mechanism we can aggregate 
and cooperate the resources seamless. Aiming to solve the contradiction mentioned above and based on 
our previous works (Li et al., 2008), we propose a SOA (Service Oriented Architecture) based services 
framework for networked highway. We can abstract four typical, i.e. sensors services which “sensing” the 
situation of the highway, data services which providing a well-described, and linked data platform, 
processing data services which can processing raw data on-line to support more deep, flexible and 
complexity function via services chain, and socio services which providing data and knowledge to the 
networked highway. So, a nature idea will be linked these services together to establish a powerful 
highway information system. Hence, this framework extends annotation of service, regarding sensor 
resources, data resources, and processing resources as services. Final, those services are linked together to 
establish a powerful highway information system. 
The remaining content of this article is organised into the following sections: the second section 
describes a service-oriented services architecture, the third section discusses summarises all the work in 
this study and forecasts further work. 
2. Service-Oriented Architecture for Networked Highway 
There are four layers in this architecture including sensor services layer, data services layer, process 
services layer, and integrated services layer and in each layer, there is interface & standard to well-
structure the data to be accessibility. 
2.1. Sensor services Layer 
Different data sources about highway can be obtained extremely easily and in real time, such as traffic 
flow, weather and air pollution information in the highway(Calabrese et al., 2007). Traditional sensor 
nodes are described as tiny data detector, receiver and transporter. They are limited in detector range, 
restricted power supply, poor computing highway, and narrow communication capability. In the Sensor 
Web framework, the sensors have been extent to Earth Observing sensors, which is very important data 
collect method in globe scale. These concepts expand the scope of the traditional Sensor Web (Di et al.,
2010; Yu et al., 2010). Earth Observing System (EOS) satellites are currently beaming down several 
hundreds of terabytes of data annually. One of the challenges is effective managing these (near) real time 
data, and providing efficient share, discovery, access, interoperability and processing of sensor 
observations (Conover et al., 2010). Hence, the Sensor Web gives us an opportunity to “sensor” our 
environment. 
Sensor Web concept is derived from sensor network from environmental monitoring, which perceive 
the physical word by autonomous sensors distributing in wide space. Now, the conception of Sensor Web 
is a SWE (Sensor Web Enablement) framework publish by OGC (The Open Geospatial Consortium) 
which are specifying interoperability interfaces, protocols and metadata encodings that enable real time 
integration of heterogeneous sensor webs into the information infrastructure(Botts et al., 2008). With the 
evolution of the Sensor Web, the intension and extension of Sensor Web has been expanded widely, 
which from its original environmental monitoring(Delin et al., 2005) to general sensors(Gibbons et al.,
2003), for instance, the satellite-airborne sensors(Di et al., 2010; Morris et al., 2009).
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2.2. Data services Layer 
Those daily increased data plays more and more important roles in our highway lives, and causing the 
“data economy” (Ericson, 2010). However, behind those mass data, there is a huge challenge:   the 
semantic heterogeneity and interpretation problems across data which is totally different in discipline and 
data format. To alleviate and overcome this problem, W3C standards, such as Resource Description 
Framework (RDF), RDF Vocabulary Description Language (also known as RDF Schema, RDFS) and 
Web Ontology Language (OWL), have been used to make those data, especial domain-specific terms and 
the relationship between terms, well structured. Based on standard mechanisms mentioned above, the 
notion of linked data, which connect data into a globe data space, was emerged. Linked data “enables 
links to be set between items in different data sources and therefore connect to discover, access, integrate 
and use data”.(Heath and Bizer, 2011). 
Fig. 1. Service-oriented architecture for networked highway 
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2.3. Process services Layer 
However, the raw data cannot be processed deeply enough to satisfy complex and flexible user demand 
in term of deep knowledge discovery; and cannot be shared and fused to achieve more integrated goals in 
term of scalability,. The contradictory between ever-improving ability of data gathering and insufficient 
ability of data processing become more and more serious,  as Clery and Voss said, “data-rich but analysis-
poor” (Clery and Voss, 2005). The gap between powerful data collection instruments and ineffectual data 
processing has been increasing. The fundamental reason of this situation is not because we are lack of 
processing applications to deal with those tremendous data, but because we do not have effective sharing, 
aggregation and cooperation service mechanism to handle all sensors, data and process resources to focus 
on user’s real-time and complex task(Li et al., 2008).
Service-oriented science is a promising approach to changing modern geographical pattern information 
processing methods within the scientific community (Foster, 2005), and it may allow manual data 
processing tasks to be automated via service chain (Alameh, 2003). The notion of a service-oriented 
science is both an outgrowth of the early advances and an open framework for future evolution of the 
WWW. The World Wide Web Consortium (W3C) is devoting to develop standards to ensure the long-
term growth of the Web, such as RDF, SPARQL, OWL, and Simple Knowledge Organization System 
(SKOS) for semantic web, and Simple Object Access Protocol (SOAP), and Web Services Description 
Language (WSDL) for web services. The Open Geospatial Consortium, (OGC) organization is working 
towards this service-oriented approach and is developing geospatial service standard interface 
specifications including a Web Feature Service (WFS), Web Map Service (WMS), Web Coverage Service 
(WCS), Catalogue Service for Web (CSW), Web Processing Service (WPS), and OGC Sensor Web 
Enablement (SWE)(Broering et al., 2011). 
Once we publish mass data accessing and powerful data processing applications as services with 
standard description, the challenge issue become how we effectively aggregate and cooperate those 
service to provide more complex and flexible user demands. Services chaining (Alameh, 2003) is a new 
paradigm for aggregating and combining small granularity services into complex service chain to provide 
on-demand services flexibly. Take an Earth Observing data as an instance, when geospatial science 
processing models are used and implemented as services, they can form the service chain by those 
processing services composite in a flexible way. Thus, each use can using and analyzing remote sensing 
data via geospatial processing services chain without rich geospatial knowledge. Connection with Sensor
Web, service chain can be extend to using real-time data to “sensing” dynamic environmental changing 
through SWE such as serving planning and observations, data processing, and information managing.  
Beyond the sensor Web, data services and processing services, the notion of services also is extend to 
human or citizen. Human or citizen sensor network, is a new paradigm to strengthen data collection by 
Internet-or Web-enabled mobile sensors and power computing ability and intelligence by human 
computing that is, “humans as citizens on the ubiquitous Web, acting as sensors and sharing their 
observations and views using mobile devices and Web 2.0 services” (Sheth, 2009), i.e. “all for one and 
one for all” (Clery and Voss, 2005). The deep connection of machine-sensing with citizen-sensing will 
make the sensor system more complete in situational awareness and more intelligence in data processing 
which beyond the services provided by machine alone. 
2.4. Integrated services Layer 
Integrated services layer is a flexible system which can be composited by the services mentioned above 
to form a more complexity system. The integrated services are formed through composite small 
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granularity to large granularity according to user requirements. Hence, it’s a system with function 
including all the services. 
3. Conclusion 
This framework first extends annotation of service, regarding sensor resources, data resources, and 
processing resources as services, then those services are linked together to establish a powerful highway 
information system. This is our initial work and ideas, and future works will include more experiments in 
the Internet. 
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